This study evaluated the effects of licorice extract and probiotic on performance, excreta characteristics and welfare-related parameters of broiler chickens reared in high stocking density. Three hundred and thirty-six 1-day old broiler chicks (Ross 308) were used in a completely randomized design with five treatments and four replicates for 42 days. Treatments were as follows: (a) 
| INTRODUC TI ON
In recent decades, broiler rearing has expanded and higher densities have been used to increase production and decrease fixed costs (Gopinger et al., 2015) . Stocking density is defined as the numbers of birds or weight of birds being reared in a given housing space.
The final aim of poultry producers is maximizing economic return by increasing the body weight of chicken in a unit of floor area and preventing production losses due to overcrowding of birds.
Several papers had been reported the effects of stocking density on broilers' production. Some studies found that high stocking densities had no effect on broiler performance (Vargas-Rodr´iguez, 2013 ), while others showed that an increase in the stocking density could decrease performance (Zhang et al., 2013) , increase mortality, leg problems and fixed costs of production (Dozier et al., 2005) . Feddes, Emmanuel, and Zuidhof (2002) suggested that high density can increase environmental temperature in the levels of the bird. It has been reported that high environmental temperature induces oxidative stress by producing reactive oxygen substance (Lan, Sakamoto, & Benno, 2004; Zhang et al., 2013) . Oxidative stress can be stimulated by stressful conditions such as high ambient temperature and high stocking densities, which result in an oxidative disruption in lipids, nucleic acids and proteins (Sohail et al., 2011) .
Feed plays an essential role in supporting the oxidative system (Mikelsaar & Zilmer, 2009) , and herbal plant materials such as phenolic components, vitamin E, C, and carotenoids have an antioxidative role in poultry nutrition (Brenes & Roura, 2010; Mikelsaar & Zilmer, 2009 ). Studies showed that dietary inclusion of antioxidants could improve feed consumption by chicks and alleviate adverse effects of oxidative stress (Wang et al., 2008) .
Licorice (Glycyrrhiza glabra) has been consumed as an herbal plant in many countries for the past 6,000 years. Vaya, Belinky, and Aviram (1997) isolated several constituents from licorice such as isoflavans (Hispaglabridin A, Hispaglabridin B, Glabridin, and 4-O-Methylglabridin), chalcones (isoprenylchalcone derivative and Isoliquiritigenin) and the isoflavone (Formononetin) with antioxidant capacity. Glycyrrhetinic acid is the main component in licorice, and has been used in human medicine (Ocampo, Gómez-Verduzco, TapiaPerez, Gutierrez, & Sumano, 2016) . It has been showed that licorice has anti-microbial (Fukai et al., 2002) , and immunity enhancement effects (Fujioka, Kondou, & Fukuhara, 2003) .
Probiotics refer to compounds containing bacterial and yeasts inoculants. Supplementation of poultry diets with probiotics can beneficially influence their health and performance by modification in gastrointestinal microflora (Netherwood, Gilbert, Parker, & O' Donnell, 1999) . Hayirli et al. (2005) designed an experiment to alleviate adverse effects of high stocking density in caged hens by use of probiotic as a nutritional supplement. Their results showed that probiotic can improve laying hens' performance and reduce the effects of cage density stress.
Because of the beneficial effects on antioxidant activity and immune enhancement function reported for licorice and probiotic, we hypothesized that their use as supplements would similarly alleviate the adverse effects of increased stocking density in broilers.
Therefore, the aims of this study were to investigate the effects of licorice extract and probiotic, alone and in combination, on performance, blood parameters, carcass characteristics, droppings and welfare-related parameters of broiler chickens at high stocking density. The chicks were reared on litter of clean wood shavings. The housing temperature was 30-33°C at the start of the trial, then lowered 2.5°C every week to reach 22-24°C and then kept constant to the end of experiment. Feed and water provided ad libitum throughout the study. Floor feeders round drinker were used in the first week of rearing period and one automatic round hanging drinker and one round plastic hanging feeder were used from day 7 to 42. The height of feeder and drinker from floor were adjusted by birds height.
| MATERIAL S AND ME THODS

| Birds and housing
The chicks were fed isocaloric and isonitrogenous diets based on corn-soya bean meal. The diets were in mash form and formulated for starter from 1 to 21 days and grower from 22 to 42 days according to the NRC (1994) recommendations ( (FCR), total FI of each phase was divided by total weight gained (the weight of dead and live birds) during that phase.
| Blood and carcass parameters
For determination of blood parameters at 42 days of age, two chicks per pen were selected randomly ( 
| Excreta properties
Whole excreta were collected from day 40 to 42 (every 2 hr) from each pen by placing a sheet of plastic and feed particles and feathers carefully removed. Excreta samples were homogenized, and a representative subsample was taken, and excreta characteristics such as pH, dry matter (DM), volatile and nonvolatile components were measured using the method of Nakaue and Koelliker (1981) with some modification.
| Footpad and hock burns and walking ability
At the end of the experiment on day 42, 10 chickens from every pen were selected randomly and examined for footpad and hock burns and walking ability (Sun, Yan, Zhao, Lin, & Guo, 2013) .
| Statistical analysis
All data were analysed using the GLM procedure of SAS software for analysis of variance. Differences between treatment means were tested using Tukey's multiple comparison test. Statistical significance was declared at p ≤ 0.05. The welfare-related data were obtained by an average of 10 birds in a pen as the experimental unit and were analysed by Kruskal-Wallis test. Wilcoxon signed-rank test was used for comparison differences between treatments means.
| RE SULTS
| Performance
The results of feed intake (FI), body weight gain (BWG) and feed conversion ratio (FCR) are given in Table 2 . Feed intake was not significantly affected by stocking density and feed additives in any rearing period. BWG was affected negatively by increasing density in the growing period (7.6%, p < 0.01). In the high stocking condition, BWG TA B L E 2 Effects of licorice extract and probiotic on performance from 1-42 days was increased in the growing and whole periods by adding LE and P separately and in combination to the diets (p < 0.01). In those periods, the highest BWG was achieved by adding LE. FCR was not affected by stocking density. The greatest BWG and the best FCR were observed in broilers fed on diets supplemented with LE in all periods.
| Blood and carcass parameters
Inclusion of LE and P in diets did not significantly affect either the measured serum (glucose, triglyceride and cholesterol) or carcass (carcass, breast, thighs, abdominal fat, liver and gizzard) parameters throughout the experimental period (Tables 3 and 4 , p > 0.05). The highest serum glucose concentration was observed in NC and lowest was observed when diets were supplemented with LE (p < 0.11).
| Excreta properties and welfarerelated parameters
The characteristics of droppings are shown in Table 5 . Excreta weight (g/bird) and DM (%) were affected by increasing density (p < 0.01).
Use of feed additives in high stocking density had no significant effect on excreta weight, but DM content of excreta was higher in NC + LE + P than in NC. Excreta pH and nonvolatile content were not affected by increasing density or diet supplements.
Gait score and footpad and hock burn scores were increased significantly by increasing stocking density (p < 0.01). However, these parameters were not affected by additions to diets in the high stocking condition (Table 6 ).
| D ISCUSS I ON
In this study, the stocking densities of positive and negative controls (PC and NC) were 12 and 18 chicks per square metre respectively. In starter phase of broilers rearing period when they have smaller size, they need smaller space and can move freely within the pen, but in grower and finisher phases, they have bigger size and high stocking density may restrict the movement in confined area of the pen; thus, the access to feed and water were limited (Cengiz et al., 2015; Dozier et al., 2005) . It can be concluded, in these phases of rearing period, adequate feeder space can be helpful to allow sufficient feed intake of broilers and ameliorate adverse effects of high stocking density (Zuowei et al., 2011) . However, Hansen and Becker (1960) reported that even when feeder space provided adequate, the adverse effects of higher stocking density on birds still occurred.
TA B L E 3
In the present study, among the treatments reared at high stocking density, birds supplemented with LE had the highest BWG in grower and total periods. In addition, these birds had This study found that BWG was increased in the growing and whole period by adding probiotic to diets of birds at high density, while FI and FCR were not affected. In this regards, Mountzouris et al. (2010) reported that dietary probiotics improved BWG and FCR in broilers by secretion of different digestive enzymes (amylolytic, proteolytic and lipolytic) in the intestines. However, Cengiz et al. (2015) showed that there was no interaction between dietary probiotic and stocking density in broilers. Vargas-Rodr´iguez et al. (2013) reported that FI, BWG or FCR were not affected by supplementation of broiler diet with probiotic throughout the growing period. Inconsistency in results may arise due to differences in intestinal microbial ecology of the host, adherence to the mucosal epithelium of the intestine, or specificity for the host (Fuller, 1989) .
Blood parameters such as glucose, cholesterol and corticosterone are measured as stress indicators in broiler chickens (Buijs, Keeling, Rettenbacher, Van Poucke, & Tuyttens, 2009) . In the present study, it was suggested that dense condition is one of the physiological stressor and altered blood parameters concentration. However, Table 3 shows that stocking density and use of feed additives in high density had no significant effect on blood parameters. In the present study, birds in NC showed the highest blood glucose and those supplemented with LE had blood glucose 14% lower (although this difference was not significant). Other studies have demonstrated that plasma concentrations of cholesterol, corticosterone and glucose increased during the adaptive phase of stress (Puvadolpirod & Thaxton, 2000) , and some compounds such as amino acids in herbs stimulate insulin production and thereby reduce blood glucose (Ribes et al., 1984) . Similar to present results, others reported that plasma concentrations of glucose and cholesterol did not affect when broilers reared in high stocking density condition (Buijs et al., 2009; Thaxton et al., 2006) . Consistent with the present results, Pooryousef and Hosseini (2012) showed that blood total cholesterol, triglyceride and glucose of Japanese quails
were not affected by addition of licorice root extract and probiotic to their diets.
Carcass percentage and carcass component ratios were not affected by stocking density. These findings confirmed those of previous studies (Feddes et al., 2002; Simsek et al., 2011) . In the present study, inclusion of LE and P in experimental diets did not significantly affect carcass, breast, thighs, abdominal fat, liver and gizzard per cent throughout the experimental period. These results are in agreement with those of Pooryousef and Hosseini (2012) , who indicated that carcass percentage and carcass component ratios were not affected by addition of licorice root extract and probiotic in Japanese quail diets. Sedghi et al. (2010) added LE to broiler diets and did not find any effect on relative weight of carcass and body parts such as breast, femur, liver, heart, spleen and bursa, in line with the present results.
In the modern poultry industry, controlling excreta moisture and quality to avoid environmental and animal welfare problems is very important (Francesch & Brufau, 2004) . Some studies showed that the excreta moisture, the amount of caked litter and consequently production of ammonia may increase when stocking density increases (Dozier et al., 2005; Sorensen, Su, & Kestin, 2000) . Wet litter promotes proliferation of pathogenic bacteria (Francesch & Brufau, 2004 ).
In the present study, excreta weight (g/bird) and DM content were significantly decreased in high stocking density. Among birds reared in high-density conditions, those given P and LE together had the highest excreta DM content. Gait score and footpad and hock burn scores were also affected by increasing stocking density. These parameters were not changed by addition of LE or P to diets. The increase in gait score and footpad and hock burn scores were probably a result of the poor litter quality associated with increasing stocking density. It was reported that the prevalence of foot lesions and hock burns were increased as a result of increasing stocking density (Farhadi, Hosseini, & Dezfuli, 2016; Ventura, Siewerdt, & Estevez, 2010) . Consistent with present results, it was shown that litter DM decreased as stocking density increased (Dozier et al., 2005) .
However, in contrast, Farhadi et al. (2016) reported that litter moisture was not affected by stocking density at 21 and 42 days of rearing. Thaxton et al. (2006) reported that body weight, litter moisture, ammonia gas and ventilation rate are the causes of foot problems.
Excreta pH was not affected by density or feed additives. Similarly, Farhadi et al. (2016) reported that litter pH was not changed by stocking density.
| CON CLUS ION
This study found that increasing broiler stocking density from 12 to 18 birds/m 2 of floor space negatively influenced BWG in the grower period and negatively influenced faecal moisture, walking ability and footpad and hock scores. Carcass characteristics and blood biochemistry were not significantly altered. Supplementing diets with licorice extract and probiotic improved BWG at high stocking density; however, these birds had some disorders in footpad, hock and walking ability.
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